Abstract: IgA nephropathy (IgAN) is one of the most common causes of glomerulonephritis in the world. The proliferative and crescentic forms of IgA are found in up to 30% of cases and are associated with nephritic-range proteinuria, accelerated hypertension, and accelerated decline toward ESRD. Thus, it is important to investigate the mechanism of the onset of IgAN and to identify the most appropriate treatment. We herein review the pathogenesis and treatment of IgA nephropathy. As to the pathogenesis, we found that CB4 provoked exacerbation of renal pathologic findings in RIGA mice via endothelial injury, IFN -gamma production, and dysfunction of the mesangial pathway and could possibly become one of the factors involved in the mechanism of the onset or evolution of human IgAN. As to the treatment of IgAN, we evaluated the efficacy of tonsillectomy plus prednisolone, warfarin, and dipyridamole including methylprednisolone pulse therapy (tonsillectomy plus pulse therapy) and prednisolone, warfarin, and dipyridamole including mizoribine (PWDM) for the treatment of diffuse IgAN in children. These therapies were effective in ameliorating the proteinuria and histological severity of patients with IgAN. Furthermore the detail investigations into the pathogenesis of IgAN and double-blind randomized control studies on children with IgAN will be necessary.
INTRODUCTION
IgA nephropathy (IgAN) is considered to be the most common form of glomerulonephritis in the world. Diagnosis of this condition is made when renal biopsy tissue demonstrates mesangial proliferation with glomerular immune complexes }lliIIi\f*~ that include IgA as the dominant or codominant immunoglobulin deposited; complement C3 deposition is almost always present and IgG and IgM deposits are also frequently detected. There is no reduction in serum complement levels and no detectable autoantibodies to renal antigens. Patients harbor circulating immune complexes composed of IgA, complement components, fibronectin, and collagen 1 ,2) . As a result of the requirement of a renal biopsy for correct diagnosis, the true incidence is not known 3 ) . Although IgAN is prevalent in all ethnic groups, Japan and Korea have some of the highest recorded incidence. For example, approximately 50% of all new cases of glomerulonephritis and 40% of all cases of end-stage renal disease (ESRD) in Japan are due to IgAN. This is in contrast to the United States and Western Europe, where IgAN accounts for 10% and 30% of glomerulonephritis cases, respectively4). Although these disparities may reflect differences in public health awareness or the willingness of nephrologists to perform diagnostic biopsies, certain populations seem to have a genetic predisposition to the development of IgAN.
The clinical presentation of a typical flair includes the development of painless hematuria concurrent with the onset of a viral pharyngitis, gastroenteritis, or pneumonia. Approximately 30% to 40% of patients with IgAN will present with gross hematuria and renal dysfunction. IgAN has been generally regarded as a benign form of glomerulonephritis, with approximately 25% to 30% of patients reaching ESRD after 10 years 5 -7) , Clinical risk factors linked to progressive IgA disease include hypertension, proteinuria > 1.0 gj24h, male gender, and persistent microscopic hematuria.
Thus, it is therefore important to investigate the mechanism of onset of IgAN and to ascertain the most appropriate treatment of IgAN. In the present study we review the pathogenesis 'and treatment of IgA nephropathy6-8).
THE PATHOGENESIS OF IgAN
IgAN can recur after transplantation, indicating that extrarenal factors have a role in the development of the disease. Multiple pathogenic mechanisms, including aberrant glycosylation of IgA1, impaired response to mucosal antigens, delayed clearance of immune complexes from the circulation, and abnormal interaction with mesangial IgA receptors, have been proposed and have been reviewed elsewhere 9 ,IO).
The clinical presentation of a typical flair includes the development of painless hematuria concurrent with the onset of a viral pharyngitis, gastroenteritis, or pneumonia, or other factors such as viruses, bacteria,'eumycetes or food antigens are important to stimulate B lymphocytes to produce the circulating IgA1-immunocomplex 6 -1O ). In our review, we paid particular attention to the relationship between IgAN and viral infection.
Viral infection and Kidney injury
There have been many reports on the relationship between viral infection and renal injuryll-18l. Clinically, viral infection has often been noted to provoke transient proteinuria, hematuria, and renal dysfunction. The role of viruses in the pathogenesis and exacerbation of human renal diseases is not well understood, although it is likely that in acute infections, viruses have direct cytopathic effects on the renal tissue, whereas chronic long-standing infections may exert cytopathic effects via immune complexes 19l .
Recently, viral antigens were detected in renal tissues from patients with IgAN, and viral DNA has been identified with the polymerase chain reaction (PCR) technique or in situ hybridization18-24l. Iwama et al. reported that Epstein-Barr virus (EBV)-specific DNA in renal biopsies was detected by PCR in seven (58%) of 12 patients with IgAN, three (50%) of six patients with membranous nephropathy, none (0%) of ten patients with minor glomerular abnormalities, and two (100%) of two patients with focal segmentallesions 24l . Enteroviruses are established or suspected etiological agents in numerous diseases. In particular, group B coxsackie viruses (CBs), which are enteroviruses, have been implicated in several diseases, including pancreatitis, insulin-dependent diabetes mellitus, myocarditis, and myositis [3] [4] [5] [6] . They have also been reported to be etiological agents in some renal diseases. For example, induction of experimental nephritis by coxsackie B4 virus (CB4) was first described by Sun et al., and subsequent reports indicated relationships of CB4 with renal diseases in humans and experimental animals 2sl . We reported positive PCR identification of the presence of enteroviral RNA for three of 10 patients with IgAN, and that enteroviral infection may playa role in the mechanism of onset or evolution of IgAN20l. However, there have been no reports on the exacerbation of nephritis by viral infections or the mechanism of such exacerbation.
On the other hand, there have been reports on an IgAN model mouse. Muso et al. established an inbred murine model of IgAN, a high IgA strain (HIGA) of ddY mice, by selective mating of pooled crude ddY mice which have been reported to spontaneously develop mesangioproliferative glomerulonephritis with glomerular IgA deposition 26l . HIGA mice exhibited constantly high serum levels of IgA from 10-60 weeks of age with polymeric IgA dominant mesangial deposition and enhanced extracellular matrix accumulation.
To examine the renal effects of CB4 in IgAN, we evaluated renal injury following viral inoculation in HIGA mice27). We have performed three experiments as follows. A ( Fig. 2 -A) and glomerular IgA deposition was almost never shown at 20 weeks of age in Group C ( Fig. 2-B ). The proportions of crescent formation from 10 weeks to 50 weeks of age were higher in Group A than in Groups Band C. The scores for PCNA-positive cells at 20 weeks were higher in Gr oup A than in Groups Band C. The scores for PCNApositive cells from 10 weeks to 20 weeks were higher in Group A than in Groups B and C (Fig. 3, 4) . The scores fo r alpha-SMA-positive cells at 20 weeks were higher in Group A than in Groups Band C. The scores for alpha-SMA-positive cells from 10 weeks to 20 weeks were higher in Group A than in Groups Band C. Proportions of crescent formation, scores for PCNA-positive cells, and scores for alpha -SMApositive cells did not differ between Groups Band C.
Matrix scores increased from 40 weeks to 50 weeks in each group. Matrix scores at 30 weeks were higher in Gr oup A than in Groups Band C. Matrix scores from 20 weeks to 40 weeks of age were higher in Group A than in Groups Band C. ,----,
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,----, increased markedly after 30 weeks in all three groups, and did not differ among them. Serum IFN -gamma concentration increased from 10 weeks to 40 weeks in Group A, and serum IFN -gamma concentration was hardl y detected in Groups B and C (Fig. 5) . Serum 1L-4 concentration increased from 10 to 50 weeks in Groups A, B, and C, with no differences in concentration among the three groups.
Experiment 2):
Comparison of the jJathological findings among the groujJs (Fig. 6) On LM examination, the proliferation and matrix scores did not differ among the three groups. On EM examination, swelling and detachment of endothelial cells from 3 hours to 5 days after inoculation were found in all mice of Group I, whereas none from 3 hours to 5 days were fo und in all mice of Groups II and III. Swelling and detachment of endothel ial cells was more frequently found in Group I than in Groups II and III. 
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Our findings showed that CB4 promoted IgA deposition in mesangia llesions a nd increased mesangial cell and matri x proli ferati on in the g lomeruli of HIGA mice. Endotheli a l cell injury a nd crescent format ion were more frequent ly fo und in HIGA mice with live CB4 than in HIGA mi ce without CB4 and rIIGA mice with inactivated CB4.
The mechanism of exacerbation of rena l injury by vira l infection is still unclear. H owever , there has been so me specul at ion regarding the mechanism of exacerbati on of renal injury by CB4 infection. W ith recent advances in immunopathological and mol ecular bi ological techni ques, it has become possibl e to clarify the mecha ni sms of induction of glomerul onephritis by viruses. There a re two explanations for the renal injury. First, direct injury by viruses can cause renal injury. In our study, the detachment and swelling of endothelial cells were more frequently found in RIGA mice with CB4 than in RIGA mice without CB4 and RIGA mice with inactivated CB4. These findings showed that CB4 directly injured glomerular endothelial cells. In addition, the serum IFN -gamma concentration in RIGA mice with live CB4 was higher than in both RIGA mice without CB4 and RIGA mice with inactivated CB4. IFN -gamma is the major cytokine secreted from T -helper 1 cells and promotes cellular immunity including macrophages and natural killer cells 28 ). CB4 promoted IgA deposition in mesangiallesions and mesangial cell and matrix proliferation in the glomeruli of RIGA mice, and crescent formation and infiltration by macrophages were more frequently observed in RIGA mice with live CB4. IFN -gamma might have caused these pathological changes. Thus, direct injury and mediators such as IFN -gamma produced by viral infection in the glomerulus may play important roles in the etiology of these pathological changes. Second, dysfunction of the mesangial pathway induced by viruses can cause renal injury29.30). As to a functional pathway between the mesangium and juxtaglomerular apparatus (JGA), Leiper JM et al. reported that the iron-dextran complex as tracer particles was initially taken into the matrix channels of the mesangium from which it progressed over the course of 8 hours to the matrix of the juxtaglomerular apparatus and intercellular spaces of the macula densa and the abovementioned mesangial pathway, which is a continuous functional pathway from the glomerular capillary lumen to the macula densa cells of the distal tubule for material taken up by the mesangium 29 ) .
In our results, many carbon particles were present in the peripheral and central zones of the mesangium from 5 to 10 days in RIGA mice after administration with live CB4. These findings suggest that mesangial pathway function decreased in RIGA with CB4. In addition, IgA concentrations did not differ among the groups. These findings suggest that low clearance of IgA by CB4 infection might cause an increase in the deposition of mesangial IgA.
There has been some speculation concerning renal injury by immune complexes 25 • 31 ) . Immune complexes consist of antigen and antibody, and the antigen may be a virus or renal tissue injured by viral infection. Deposition of these immune complexes in the mesangium and basement membrane can cause renal injury. Rowever, in our study, the pathological examination results did not differ between RIGA without CB4 and RIGA with inactive CB4. Thus, immune complexes induced by inactive CB4 may not cause renal disease in our model.
We conclude that CB4 provokes exacerbation of renal pathological findings in RIGA mice via endothelial injury, IFN -gamma production and dysfunction of the mesangial pathway.
TREATMENT OF IgA NEPHROPATHY
IgAN is a leading cause of chronic renal disease and end-stage renal disease in adult patients, and recent long-term studies assessing the prognosis in children have challenged earlier views that the condition represents a benign disorder. Thus IgAN presents a therapeutic challenge in both adults and children.
There 
Action and side effects of each drug in multiPle drug combination therapies including prednisolone, immunosuppressive drugs, war/arin, and dipyridamole

Corticosteroids
Corticosteroids inhibit T cell proliferation, T cell-dependent immunity, and cytokine gene transcription (including Interleukine-1, IL-2, IL-6, interferon-gammrna and tumor necrosis factor-a genes). While no individual cytokine can totally reverse the inhibitory effects of corticosteroids upon mitogen-stimulated T cell proliferation, a combination of cytokines is effective in restoring T cell proliferation 35l .
Immunosuppresive drugs Azathioprine (AZP)
Azathioprine is the 1-methyl-4-nitro-5-imidzolyl derivative of 6-mercaptopurine. Azathioprine, a purine analogue, functions as a purine antagonist and thereby inhibits cellular proliferation 35l .
Mizoribine (MZB)
Mizoribine (p-INN: 4-carbamoyl-1-p-o-ribofuranosyl imidazolium-5-olate) is an antibiotic agent produced by the soil fungus Eupenicillium brefeldianum 36l . In the early 1980s, Japanese studies began to appear which demonstrated the inhibitory effects of MZB on T -and B-Iymphocyte activity in vitro and examined the pharmacokinetics and immunosuppressive effects of MZB in vivo37-38l. In view of its inhibition of purine synthesis and its relative lack of toxicity, MZB has been used increasingly in Japan during the last decade instead of azathioprine as part of immunosuppressive drug regimens: it was first approved by the Ministry of Health and Welfare of Japan as a drug indicated for the prevention of rejection in renal transplantation in 1984, and since then the indication has been extended to lupus nephritis in 1990, rheumatoid arthritis in 1992, and primary nephritic syndrome in 1995 39 ).
In the following section I give an outline mainly on our reports but including other reports on multiple drug combination therapies for IgAN.
A. Retrospective studies reports on the efficacy of multiple drug combination therapies
Since 1990, corticosteroids, immunosuppressive agents, antiplatelet drugs, and anticoagulation have been used alone or in combination to treat IgAN33,34,39-45). However, there have been no reports comparing the efficacy of the above treatments. To evaluate the efficacy of multiple-drug therapy combined with MZB (PWDM) for diffuse IgAN in childhood, we compared the clinical features and pathological findings of diffuse IgAN patients treated with PWDM with those of patients who received mUltiple-drug therapy without MZB (PWD) and combined with methylprednisolone pulse therapy (PWD-pulse)46).
We collected data on 61 patients who had been diagnosed as having diffuse IgAN in the Department of Pediatrics of Fukushima Medical University School of Medicine between 1984 and 1993. The patients were retrospectively divided into three groups without randomization. The duration from initiation of therapy in the PWD group, PWD-pulse group, and PWDM group were 8.9±5.2, 8.1±3.9, and 7.7± 3.8 year, respectively. At the latest follow-up examination, the mean urinary protein excretion (mg/m2/h) was 17±10 in PWD group, 22±20 in PWD-pulse group, and 6±6 in PWDM group, and had decreased significantly in PWDM group compared to the other groups. The activity index in all three groups was lower at the second biopsy than at the first biopsy (5.1 ± 0.8 vs 6.5 ± 2.1 in Group A, p < 0.05; 5.6 ± 0.9 vs 6.6 ± 1. 7 in Group B, p < 0.01; and 4.5 ± 1.0 vs 6.8 ± 1.9 in PWDM group, p < 0.01). The chronicity index in the PWD group and PWD-pulse group at the second biopsy was higher than at the first biopsy (7.3 ± 1.4 vs 4.8 ± 1.0 in PWD group, p < 0.01; 8.1±2.0 vs 5.3±0.9 in PWD-pulse group, P<O.Ol), but was unchanged in the PWDM group. At the latest follow-up examination, one patient (4.8%) in the PWD group, 3 (15%) in the PWD-pulse group, and none (0%) in PWDM group had renal insufficiency. These results suggest that PWDM appears to be more effective than PWD or PWD-pulse in ameliorating the proteinuria and histological severity of patients with IgAN.
B. Prospective studies rePorts on the efficacy of multidrugs combination therapies
To date, there have been only a few reports concerning cocktail therapy, including prednisolone and MZB, for diffuse IgAN. In the present study, to evaluate the efficacy of prednisolone and MZB therapy for diffuse IgAN, we prospectively investigated the pretherapy clinical manifestation and pathological findings in IgAN patients and compared these data with the post-therapy findings following prednisolone and MZB therapy47'_ Between January 1992 and December 1999, patients were eligible for the study if they had been biopsied and were newly diagnosed as having diffuse IgAN with severe proteinuria.
On entry into the study, medical histories were obtained from all patients, and all patients underwent a physical examination. Patients were followed-up once a month during the study.
The clinical features, the above laboratory data, pathological findings, and the prognosis between pre-therapy and post-therapy were prospectively investigated. The mean urinary protein excretion after 6 months of treatment had decreased significantly compared to pre-therapy.
The incidence of hematuria in post-therapy was lower than that of pre-therapy. The AI decreased significantly from 4.S±2.1 at the first biopsy to 2.3±1.7 at the second biopsy (p < 0.001) and the CI decreased significantly from 4.1 ± 1.9 at the first biopsy to 2.7 ± 2.4 at the second biopsy (p < 0.05). Macrophage infiltration and alpha-smooth muscle actin positive cells in the glomerulus and interstitial region decreased significantly in post-therapy compared with pre-therapy. At the most recent follow-up, none of the 34 patients had renal insufficiency. These findings suggested that prednisolone and mizoribine therapy is effective for those patients at risk of progression of IgAN.
Yoshikawa et al. has showed that treatment of children with severe IgA nephropathy (IgAN) using prednisolone, azathioprine, heparin-warfarin, and dipyridamole for 2 yr early in the course of disease reduced the severity of immunologic renal injury and prevented any increase in the percentage of sclerosed glomeruli 34l . In addition, Yoshikawa presented a study comparing the effects of prednisolone, azathioprine, warfarin, and dipyridamole (combination) with those of prednisolone alone in SO children with newly diagnosed IgAN that showed diffuse mesangial proliferation. Thirty-six (92.3%) of the 39 patients who received the combination and 29 (74.4%) of the 39 who received prednisolone reached the primary end point by the 2-yr follow-up point (P=0.007 log-rank). The percentage of sclerosed glomeruli was unchanged in the patients who received the combination but increased from 3.1 + /-4.S to 14.6 + /-15.2% in the prednisolone group (P = 0.0003). The frequency of adverse effects was similar in the two groups. It is concluded that combination treatment may be better for severe IgAN than treatment with prednisolone alone 48l .
C. Studies on comparison of tonsillectomy plus steroid pulse and multidrugs combination therapies
There have been several reports of the efficacy of tonsillectomy for IgAN in adults. Xie Y et al. reported that tonsillectomy had a significant beneficial effect on the outcome, and in many studies tonsillectomy was performed in conjunction with immunosuppressive medication 49 ). Hotta et al. found that tonsillectomy combined with steroid pulse therapy reduced proteinuria and improved renal function in IgAN patients during a 5-year follow-up period SO ).
There have also been several reports on the efficacy of tonsillectomy against IgAN in childhood. In 1985, Lozano et al. compared the clinical outcome of 8 patients who underwent tonsillectomy and 20 similar patients who did not and found that the patients in the tonsillectomy group had significantly fewer episodes of macroscopic hematuria than the controls S1 ). Maeda et al. observed improvement in the urinalysis data of all seven Japanese children with IgAN who underwent tonsillectomyS2). Wyatt RJ, on the other hand, claimed that tonsillectomy cannot be recommended for IgAN based on evidence-based criteria S3 ). To evaluate the efficacy of tonsillectomy plus pulse therapy against diffuse IgAN in childhood, we prospectively evaluated the efficacy of tonsillectomy plus pulse therapy without an immunosuppressant in the treatment of diffuse IgAN in comparison with PWDMS4). The patients were randomly assigned to be treated with tonsillectomy plus pulse therapy for 2 years (Group A, n = 16) or PWDM for 2 years (Group B, n = 16). The clinical features and pathological findings in both groups were analyzed prospectively. The mean urinary protein excretion after 6 months of treatment in both groups had decreased significantly compared to pre-therapy. The activity index in both groups was lower at the time of the second biopsy than at the time of the first biopsy. The chronicity index in Groups A and B did not differ between the first and second biopsies. At the latest follow-up examination none (0%) of the patients in either group had renal insufficiency. None of the patients in Group A, but 6 patients in Group B experienced an acute exacerbation of IgAN as a result of tonsillitis (p < 0.05).
The results of our study show that tonsillectomy plus pulse therapy reduced urinary protein excretion, and it appeared to be as effective as PWDM in ameliorating histological severity and preventing acute exacerbation of IgAN by tonsillitis. Tonsillectomy plus pulse therapy and PWDM had similar therapeutic effects. Severe side effects of the drug regimens were relatively rare, and tonsillectomy plus pulse therapy was well tolerated and safe in all patients. However, it is necessary to understand the risk of complications of tonsillectomy, because it is a surgical operation.
Although the mechanism of the favorable effect of tonsillectomy plus pulse therapy on IgAN is still unclear, previous studies have suggested that the tonsils are closely associated with the pathogenesis of IgAN49-S2). IgAN is initiated by glomerular deposition of polymeric IgAl. Tomino et al. demonstrated that antibodies eluted from the renal tissue of IgAN patients specifically bind to the nuclear region of tonsillar cells, and the binding between the eluted antibodies and tonsillar cells was completely inhibited by the addition of antihuman IgA antiserum SS ). These findings indicate that at least some of the polymeric IgAI deposited in the mesan-gium is of tonsillar origin. Recurrent tonsillitis appears to be the most frequent extrarenal clinical manifestation of IgAN, and there are close temporal relationships between episodes of pharyngeal infection and bouts of hematuria and/or proteinuria 56 ) . The histological findings in the tonsils removed by tonsillectomy in our study revealed chronic tonsillitis in all patients, and these findings suggest a relationship between the tonsils and IgAN. Suzuki et al. reported finding antigens of the outer membranes of the common bacterium Haemophilus parainjluenzae on the tonsils of IgAN patients and antibodies to them in their glomerular mesangium and sera 56 ,57) . Thus, tonsillectomy may lead to the disappearance of lymphoid tissue that actively recruits activated IgA-producing cells and removal of a pharyngeal infectious focus, and that would partly explain the decrease in serum IgA level and mesangial IgA deposits, and subsequent remission of IgAN.
Hotta et al. have stated that tonsillectomy plus pulse therapy is more effective than tonsillectomy alone and that steroid pulse therapy after tonsillectomy reduces urine protein excretion and inhibits inflammatory responses 50 ,58) . In our study, I think that the treatment which combined tonsillectomy and steroid pulse therapy was effective for IgAN. The rationale for using tonsillectomy plus pulse therapy in IgAN in our study was that steroid pulse therapy and tonsillectomy reduce IgA production and minimize the abnormal immune response and inflammatory events following glomerular IgA deposition.
Although there was no untreated control group in this study, the results suggested that tonsillectomy plus pulse therapy is as effective as PWDM in ameliorating proteinuria and histological severity in IgAN patients and in preventing acute exacerbation of IgAN by tonsillitis. However, a long-term follow-up study in children with IgAN is needed, because the observation period was short. CONCLUSION We have reviewed the pathogenesis of IgAN, especially the relationship between the onset and exacerbation of IgAN and viral infections, and treatment including multiple drug combination therapies for IgAN. Further detailed investigation of the pathogenesis of IgAN and a double-blind randomized control study for children with IgAN will be necessary.
